twice and return to their original state after two cycles, thereby breaking discrete timetranslational symmetry. The ferromagnetic interaction endows the system with rigidity so that thermal or quantum fluctuations do not wipe out the symmetry breaking, even when the approximate π-pulse is noticeably different from an exact π-pulse and the drive deviates somewhat from the canonical model. The system exhibits long-range order, which means that ordering in one region and time is correlated with that in arbitrarily distant regions and late times. This property distinguishes such a system from other oscillations that occur in nature.
Zhang et al. and Choi et al. now report experimental data consistent with a Floquet time crystal. There are obvious similarities between the two experiments. First, both research groups use a property called spindependent fluorescence to show that wellisolated driven interacting quantum systems exhibit lower time-translational symmetry than the drive. Second, their systems are demonstrably stabilized by interactions that maintain phase coherence over time. However, it is also important to recognize the differences.
In Zhang and colleagues' work, a system of up to 14 trapped ions is subjected to a periodic sequence of pulses that favour many-body localization. Because the system is small, its quantum-mechanical equations of motion are known and can be reliably simulated; the authors find excellent agreement between theory 8 and experiment. However, because the system is small and the duration of the experiment is relatively short -owing to the painstaking way in which the authors apply the random-strength magnetic field one ion at a time -one could argue that long-range order has not been fully demonstrated.
Conversely, Choi and colleagues use approximately one million nitrogen-vacancy (NV) centres that are randomly distributed in diamond. The authors apply a prescribed sequence of pulses to the NV centres, but the dipolar interactions between these centres are random and, in any case, are too numerous to simulate. The authors' system is not expected to undergo many-body localization or to generate a pre-thermal state, but -for reasons that are unclear -the system heats up extremely slowly, although not negligibly.
Zhang and colleagues' experiment is a more direct realization of a version 8 
CANCER EPIGENETICS

Reading the future of leukaemia
The identification of the regulatory protein ENL as essential to an aggressive form of leukaemia provides insight into transcriptional regulation and highlights potential avenues for therapy. See Letters p.265 & p.270
lood cancers are frequently driven by chromosomal translocations that generate disease-causing fusion proteinsformed by the joining of fragments of two proteins. Fusion proteins that involve the regulatory protein mixed lineage leukaemia (MLL) are commonly found in aggressive paediatric leukaemias and are associated with poor prognosis 1 . There is, therefore, a great need to develop therapeutic strategies for leukaemias that involve MLL-rearranged (MLL-r) fusion proteins. In this issue, Erb et al. 2 (page 270) and Wan et al. 3 (page 265) converge on the identification of the protein ENL as a crucial factor for the viability of MLL-r cells in leukaemia.
Histone proteins are structural and signalling factors around which DNA is wrapped in cells. Their modification by the addition or removal of molecular groups regulates gene expression. A notable structural feature of ENL is a distinctive fold of about 75 amino acids called a YEATS domain, which is a reader of acetylation -it recognizes and associates with residues of the amino acid lysine in histones that have been modified by the addition of an acetyl moiety 4 . Erb et al. and Wan et al. provide compelling evidence that this 'reader' ability of ENL on acetylated histones is crucial to the induction of MLL-r leukaemia.
MLL fusion partners are predominantly related to two protein complexes implicated in epigenetic regulation 5, 6 -the modulation of gene expression independently of DNA sequence. The first is the super elongation complex (SEC), which facilitates a phase of gene transcription called elongation. The second is the DOT1L-containing complex (DotCom), which adds methyl groups to the residue lysine 79 on histone H3 (abbreviated as H3K79). The translocations that generate these fusions typically occur on one of the two sets of chromosomes present in mammals.
The prevailing view is that MLL-containing fusion proteins promote the localization of SEC and DotCom, containing proteins encoded on both chromosomes (fusion and normal non-fused proteins), to regions of the genome where they drive the expression of genes that promote the development of leukaemia 6, 7 . Erb et al. and Wan et al. uncover another, complementary mechanism of SEC and DotCom stabilization. The groups found that inactivation of ENL impaired the function of SEC and DotCom in MLL-r cells. The ability of ENL to physically associate with both SEC and DotCom 8 suggests a model in which the protein -through recognition of acetylated H3 by its YEATS domain -coordinates SEC and DotCom stabilization and activity at abnormal regions of the genome (Fig. 1 ).
This new model raises the possibility that drugs such as small-molecule inhibitors that target the ENL YEATS domain could selectively kill leukaemic MLL-r cells. Other cell types seem to be largely tolerant of ENL loss, but SEC, DotCom and ENL are ubiquitously expressed, so it will be important to understand the molecular basis of this difference in tolerance as such drugs are developed.
The requirement for ENL in MLL-r leukaemias is consistent with observations [9] [10] [11] [12] [13] that properly regulated DOT1L activity is necessary for the development and maintenance 
Years Ago
The solution of the ribonuclease structure at a resolution of 2 Å … is clearly an event of unique importance and interest … The schematic illustration of the chain outline shown in the article gives only a small portion of the information which is expected shortly to emerge, but some interesting conclusions may already be drawn, particularly in connexion with predictions based on chemical evidence … The appearance of the ribonuclease structure necessarily represents, among other more important consequences, a day of reckoning for those bold enough to have offered three-dimensional structures based only on indirect evidence. Such structures do not appear to have fared well … At the present stage it therefore appears that the indirect approach to the construction of three-dimensional protein structures is of dubious value. The appearance of more complete structural data will … now be awaited with the greatest interest. From Nature 11 March 1967
The main thesis of the authors of this book is that much of the fatigue occurring among industrial workers is unnecessary, and is caused by the carrying out of the work under conditions which involve excessive and avoidable expenditure of energy. The methods suggested for the elimination of unnecessary fatigue consist for the most part of various mechanical devices. One of these consists in the provision of high chairs so that the workers can sit to their work instead of having to stand. Another suggestion is the use of chairs with springs which exclude vibration from the floors … application of these methods produces a striking improvement.
From Nature 8 March 1917
of MLL-r cells. H3K79 methylation has long been associated, circumstantially, with genes actively undergoing transcription 14 , and as the regulatory mechanisms that govern DOT1L activity come into sharper focus, a major un answered question is how the signals encoded by this histone modification could directly influence transcription.
Methyl-lysine signals are typically connected to downstream processes by mechanisms analogous to those involved in the YEATS domain's reading of acetyl-lysine signals. Reader domains have been identified 15 for all major histone methylation sites apart from H3K79. Furthermore, methylated lysines can be dynamically regulated by demethylase enzymes, but a demethylase that removes methyl groups at H3K79 is yet to be identified 14 . Erb et al. and Wan et al. provide further motivation to find readers and de methylases for H3K79 methylation, which would be predicted to intersect with ENL-mediated signalling under both physiological and pathological conditions.
There is an emerging appreciation that epigenetic regulators can have fundamental roles in disease. This awareness has ushered in focused efforts to develop inhibitors that target these mechanisms to treat cancer. A DOT1L inhibitor has been evaluated in a clinical trial for MLL-r leukaemias (see go.nature. com/2lquysj for details). Intriguingly, Erb et al. showed that treating cells with a DOT1L inhibitor in conjunction with an ENL mutant that cannot recognize acetylated lysine suppressed the leukaemia-promoting gene-expression program more effectively than disruption of either protein alone, suggesting synergistic cooperation between these interventions.
Wan et al. also investigated the potential of combinatorial therapy to treat MLL-r leukaemia, targeting acetyl-lysine binding by both the ENL YEATS domain and another reader of lysine acetylation -the bromodomain of BET family proteins. BET proteins normally interact with SEC and promote transcriptional elongation [16] [17] [18] . Drugs called BET inhibitors disrupt the binding of BET proteins to acetyllysine moieties, and there are currently about 20 clinical trials testing the efficacy of these drugs as cancer treatments. Wan and colleagues found that perturbation of the ENL YEATS domain combined with treatment with the BET inhibitor JQ1 was highly toxic to MLL-r leukaemic cells.
The effects of these combinatorial interventions highlight how the integration of multiple modified histone signals is instrumental in establishing the distinct epigenetic state of MLL-r leukaemia. As such, these cancers may be susceptible to a multi-pronged targeting approach that could increase therapeutic efficacy while mitigating the emergence of drug resistance, which is a risk with single-drug approaches.
Historically, drug hunters have focused on targeting enzymatic activities rather than protein-protein interactions. However, there is growing excitement -in part owing to the success of BET inhibitors -about therapies that target diverse reader domains. The binding pocket of the YEATS domain is attractive for drug development, because it is deep and amenable to the accommodation of acetyllysine along with larger analogous modifications 19 . Thus, the discovery that MLL-r leukaemias are reliant on ENL not only provides fundamental insight into how cells integrate signals relating to transcription, but also has provocative implications for the treatment of a complex human disease. . The protein ENL associates with both complexes, and, in cells in which one copy of the complex is fused to MLL, interacts with both the fused and non-fused complexes. ENL contains a YEATS domain that binds to specific acetyl groups (Ac) on the protein histone H3 -part of a histone complex around which DNA is packaged. Erb et al. 2 and Wan et al. 3 show that the ENL YEATS domain helps to stabilize the association of SEC and DotCom with DNA, promoting leukaemia-driving programs of gene expression. The authors used satellite imagery and GIS (geographic information systems) mapping software to compare the locations of major Silk Road archaeological sites with the modelled annual movements of livestock herders making journeys from high-elevation pastureland in the summer to warmer, lower-elevation pasture in the winter. In the authors' analysis, elevation derived from satellite imagery provided a key map layer with which herders' projected movements were modelled using GIS software.
Frachetti and colleagues propose that ancient herders moving annually between highland and lowland areas would not have simply followed the least costly route in terms of time or energy expended travelling across rugged landscapes, but instead would have favoured the routes with the most productive grassland pasture.
In GIS analysis, flow-accumulation algorithms are usually used to model how water flows over satellite-derived maps that have grid cells representing elevation 3 . Frachetti and colleagues adapted this algorithm to model the flow of herders along routes with the best pasture, as represented by the normalized difference vegetation index (NDVI; a map layer that shows present-day vegetation health). Maps of NDVI, obtained from satellite-imagery analysis, are calculated based on the fact that healthy vegetation differentially absorbs and reflects certain wavelengths of light 4 . Because NDVI measures modern vegetation health, it does not necessarily reflect ancient conditions. The analysis by Frachetti and colleagues thus presumes that the spatial patterning of the best pasturelands has remained roughly similar through time.
The authors applied 500 rounds of flowaccumulation modelling to represent 500 years of herders' seasonal movements through mountainous terrain, using a model in which herders prefer routes that offer suitable pasture. Frachetti and colleagues' modelling of movements correlates with independently documented locations of Silk Road archaeological sites 5, 6 , indicating that the spatial distribution of grasslands, and the people and animals seeking them, contributed to the formation of the Silk Road network (Fig. 1) . The authors' analysis represents a significant advance in the study of an ancient trade network, a development achieved through the use of tools for spatial analysis that continue to transform scholars' understanding of ancient geographies.
Since the mid-1990s, spatial technologies such as satellite imagery, GIS software and Global Positioning System tools have revolutionized archaeological research by enhancing researchers' ability to analyse ancient geographies and spatial relationships. The wide-ranging effects of these technologies have even been compared to the transformative influence that the discovery of radio carbon dating in the late 1940s had on 2 used satellite images and computer modelling to investigate the relationship between Silk Road archaeological sites and areas of good grassland pasture in mountainous regions that formed the paths of ancient herding routes.
